Objective: To identify eating styles from 6 eating behaviors and test their association with body mass index (BMI) among adults. Design: Cross-sectional analysis of self-report survey data. Setting: Twelve primary care and specialty clinics in 5 states. Participants: Of 11,776 adult patients who consented to participate, 9,977 completed survey questions. Variables Measured: Frequency of eating healthy food, frequency of eating unhealthy food, breakfast frequency, frequency of snacking, overall diet quality, and problem eating behaviors. The primary dependent variable was BMI, calculated from self-reported height and weight data. Analysis: k-Means cluster analysis of eating behaviors was used to determine eating styles. A categorical variable representing each eating style cluster was entered in a multivariate linear regression predicting BMI, controlling for covariates. Results: Four eating styles were identified and defined by healthy vs unhealthy diet patterns and engagement in problem eating behaviors. Each group had significantly higher average BMI than the healthy eating style: healthy with problem eating behaviors (b ¼ 1.9; P < .001), unhealthy (b ¼ 2.5; P < .001), and unhealthy with problem eating behaviors (b ¼ 5.1; P < .001). Conclusions and Implications: Future attempts to improve eating styles should address not only the consumption of healthy foods but also snacking behaviors and the emotional component of eating.
INTRODUCTION
Fighting obesity requires more than eating less and exercising more. Certainly caloric intake and physical activity frequency and intensity are the primary determinants of energy balance. However, both weight loss and maintenance of healthy weight are best achieved through sustained adherence to a broader range of healthy eating (eg, increased fruit/vegetable intake) and physical activity (eg, reduced sedentary time) behaviors. Based on a foundational understanding of the complex and multilevel determinants of healthy eating and healthy physical activity, much work has been done to develop interventions that facilitate these healthy behaviors. 1, 2 In the US obesity affects 36.5% of adults and 17.0% of children. 3 With the long-term health complications of obesity, including diabetes, heart disease, and cancer, the continued effort to understand which eating behaviors support achieving a healthy weight is of paramount importance. 4, 5 Changes in eating behaviors have been independently associated with long-term changes in weight. 6 In particular, behaviors such as skipping meals, snacking, drinking sweetened beverages, and eating fast food were frequently studied as potential contributors to obesity. [7] [8] [9] Strong evidence links skipping breakfast with obesity, particularly among children. 10, 11 However, a recent meta-analysis of 153 articles examining the association between eating behaviors and obesity among adults and children concluded that evidence was insufficient to draw meaningful conclusions owing to 2 major limitations. 12 First, most existing studies did not adequately consider potential confounders of the proposed associations. Second, most existing studies considered only how a single eating behavior was associated with obesity and did not account for the contribution of other potentially related eating behaviors.
Therefore, the objective of this study was to address the existing gap in the literature by considering how a broad range of eating behaviors relate to body mass index (BMI), controlling for potential confounders including sociodemographics (ie, age, gender, race/ ethnicity) and physical activity in a large sample of adults. This was accomplished by first considering how 6 measures of diet quality and eating behaviors clustered together into patterns of eating styles, and then testing whether those eating styles were associated with BMI.
METHODS

Participants and Procedures
The researchers conducted analyses on cross-sectional survey data collected between August, 2014 and November, 2015. The primary mode of survey administration was via an electronic survey delivered on a tablet computer or an e-mailed survey link using REDCap. 13 Participants recruited in person also had the option to complete a paper survey. The survey consisted of 72 items that queried participants about demographic and background information as well as health behaviors, and took participants an average of 17 minutes to complete. This study received approval from the Vanderbilt University Institutional Review Board. All participants signed informed consent before participating and received a $10 gift card for completing the survey.
Patients were recruited from medical clinics in 3 health networks from the Patient Centered Outcomes Research Institute-funded Mid-South Clinical Data Research Network (CDRN).
14 The Mid-South CDRN integrates a clinical data infrastructure across the US, consisting of: (1) (4) had $1 height measurement in the EHR after age 18 years. The survey was conducted exclusively in English. Participants were excluded if they had a mental condition or visual acuity that precluded participation (assessed by the research team at the time of face-toface survey administration). Figure 1 shows a diagram of recruitment flow for the study.
Measures
The primary independent (predictor) variables consisted of 6 self-report eating behaviors: (1) frequency of eating healthy food (2 items); (2) frequency of eating unhealthy food (3 items); (3) breakfast frequency (1 item); (4) frequency of snacking (1 item); (5) overall diet quality (1 item); and (6) problem eating behaviors (4 items). A complete list of survey items included in this analysis and how they were scored is available in the Supplementary Material. The frequency of healthy and unhealthy food scores as well as the measure of problem eating behaviors were developed based on a factor analysis of 9 items from the survey, each of which was answered on a 4-point response scale from 1 ¼ never to 4 ¼ often; once a day or more. The healthy food variable was a composite frequency of eating fruits and vegetables (range, 2-8).
The unhealthy food variable was a composite frequency of consuming fast food, sugary drinks, and desserts (range, 3-12). Self-reported frequencies of eating breakfast and snacking were scored on a 3-point response scale from 0 ¼ never to 2 ¼ daily. Self-reported diet quality was scored on a 5-point response scale from 1 ¼ poor to 5 ¼ excellent. These items were used in previous survey research and demonstrated validity in those contexts (ie, a prospective cohort of 3,000 hospitalized patients with acute coronary syndrome or heart failure 15 ; and 67,928 participants enrolled in the Southern Community Cohort Study).
16 The 4-item measure of problem eating behaviors was based on a previously validated scale; in this study it had high internal consistency (Cronbach a ¼ .83). 17 The primary dependent variable was BMI, calculated from self-reported height and weight data. Demographic variables were all self-reported and included age, gender, race/ethnicity, and household income. Self-reported physical activity was assessed as a potential confounder with a single item that ranged from 1 ¼ I am very inactive to 5 ¼ I am active most days.
Demographic characteristics including age, gender, household income, and race/ethnicity were summarized using mean and SD for continuous variables and proportions for categorical variables. Annual household income was categorized into 3 mutually exclusive categories (<$35,000, $35,000 to $75,000, and >$75,000). Race/ethnicity was categorized into 4 mutually exclusive categories (white, non-Hispanic; black, non-Hispanic; Hispanic; and other, non-Hispanic).
Analytic Strategy
k-Means cluster analysis was used for the 6 independent eating behavior variables to determine eating styles. A scree plot of the weighted sum of squares and the proportional reduction of the weighted sum of squares against a range of potential clusters (range, 1-20) was used to identify the optimal number of clusters necessary to prespecify in the k-means algorithm. 18 Based on the scree plot, 4 initial centroids were randomly identified and 10,000 repetitions of the kmeans algorithm were conducted to achieve convergence of the solution (ie, no observations changed clusters for the final centroids). 19 A k-means cluster analysis was first conducted on roughly half of the sample (recruited from 1 of the 3 health systems in the CDRN). The analysis was then repeated on the other half of the sample. These 2 independent cluster analyses generated similar cluster centers with nearly identical relationships with BMI. Consequently, the k-means cluster analysis was repeated on the total sample (n ¼ 9,977), which is reported here. Because k-means cluster analysis is sensitive to missing data, only individuals with complete data on BMI and the 6 predictor variables were included.
To represent the patterns of eating behaviors in each cluster, each of the 6 predictor variables was standardized and presented as the mean z-score of each variable as it was grouped per cluster (this was also done within the k-means clustering algorithm). This allowed for comparison across scales with different numbers of items and score ranges.
A categorical variable with levels representing each replicable cluster served as the primary independent variable for the subsequent set of analyses. The primary analysis used multiple linear regression with BMI as the dependent variable, adjusting for age (continuous), gender (dichotomous), household income (ordinal), race/ethnicity (categorical), and physical activity (continuous Statistical significance was set at a < .05.
RESULTS
Of the 11,776 respondents who consented to participate in the survey, 9,977 (84.7%) had complete data on study variables and were included in this analysis. The Table lists clustered together, so a healthy diet pattern was defined by higher scores on the healthy food scale, lower scores on the unhealthy food scale, higher scores on the generally healthy diet quality item, and higher frequency of eating breakfast. More frequent snacking behaviors clustered with an unhealthy diet pattern. The greatest discrimination between the clusters was based on the combination of healthy/unhealthy diet pattern and problem eating behavior scores, which led to 4 patterns of eating styles: healthy, healthy with problem eating behaviors, unhealthy, and unhealthy with problem eating behaviors.
Healthier clusters of eating styles were associated with more frequent vegetable intake, with nearly 75% of participants in the 2 healthy clusters reporting daily vegetable intake compared with just over 50% of those in the 2 unhealthy clusters (P < .001). Healthier clusters of eating styles were also associated with more frequent fruit intake; about 60% of participants in the healthy clusters reported daily fruit intake, compared with about 40% in the unhealthy clusters (P < .001). In addition, healthier clusters of eating styles were associated with more frequent physical activity; 40% of participants in the healthy cluster reported daily physical activity, compared with 28.5% in the healthy with problem eating behaviors cluster, 23.8% in the unhealthy cluster, and only 14.3% in the unhealthy with problem eating behaviors cluster (P < .001).
Correlates of Eating Styles
There were significant differences in the demographic characteristics of individuals based on the cluster of feeding style to which they were assigned (Table) . Respondents in the unhealthy with problem eating behaviors cluster had the youngest mean age and a higher percentage of women.
The average (SD) BMI for individuals in the healthy eating cluster was 27.3 .66-5.50; P < .001); unhealthy (b ¼ 2.5; 95% CI, 2.07-2.85; P < .001), and healthy with problem eating (b ¼ 1.9; 95% CI, 1.50-2.27; P < .001). In the secondary analysis using multivariable adjusted logistic regression, the odds of being overweight, obese, and morbidly obese were all higher based on cluster of eating style. Odds ratios (ORs) for being overweight by eating style were: healthy (reference), healthy with problem eating (OR, 1.6; 95% CI, 1.4-1.8; P < .001), unhealthy (OR, 2.0; 95% CI, 1.70-2.34; P < .001), and unhealthy with problem eating (OR, 2.8; 95% CI, 2.3-3.4; P < .001). The ORs for being obese by eating styles were: healthy (reference), healthy with problem eating (OR, 2.1; 95% CI, 1.76-2.55; P < .001), unhealthy (OR, 2.5; 95% CI, 2.09-3.07; P < .001), and unhealthy with problem eating (OR, 5.8; 95% CI, 4.70-7.2; P < .001). The ORs for being morbidly obese by eating styles were: healthy (reference), healthy with problem eating (OR, 2.4; 95% CI, 1.93-2.89; P < .001), unhealthy (OR, 3.0; 95% CI, 2.44-3.65; P < .001), and unhealthy with problem eating (OR, 8.9; 95% CI, 7.17-11.06; P < .001).
DISCUSSION
These data demonstrate 4 coherent patterns of behaviors reflecting eating styles associated with BMI independent of other demographic covariates. The most notable characteristic of these clusters is the discriminant value of combining the frequency of eating healthy and unhealthy foods with problem eating behaviors (ie, overeating, impulsive eating, and emotional eating). Specifically, respondents who reported a healthy diet pattern had higher average BMI as well as a higher frequency of obesity and morbid obesity when they also reported engaging in more frequent problem eating behaviors. Respondents who reported an unhealthy diet pattern even in the absence of problem eating behaviors had a higher BMI than did those with a healthy diet who also avoided problem eating behaviors. Respondents' BMI and those for the proportion of individuals with obesity or morbid obesity was highest if respondents had an unhealthy diet pattern and simultaneously engaged in problem eating behaviors. Thus these results demonstrate that both unhealthy eating patterns and problem eating behaviors independently increased the odds of a person being obese or morbidly obese. When unhealthy eating patterns and problem eating behaviors were combined, the OR of obesity was 5.8 and the OR of morbid obesity was 8.9. These findings suggested that clusters of eating behaviors may be more clinically relevant than any single component dietary assessment. These data have direct implications for developing interventions and clinical recommendations for eating behaviors to support healthy weight. One main advantage of the clustering approach used for this analysis is that it moved past the examination of a single behavior. For example, skipping breakfast and eating at fast-food restaurants each were associated with higher BMI, both cross-sectionally and in longitudinal data. 12 These data were consistent with those findings, in that unhealthy diet patterns including consumption of fast food (eg, pizza), sugary drinks, and desserts (including candy) were associated with higher BMI. These data also suggested that snacking behaviors clustered with unhealthy eating patterns, which is important for addressing the potential effect of snacking on an unhealthy weight trajectory. In addition, these data highlighted the importance of problem eating behaviors such as overeating, impulsive eating, and emotional eating. Regardless of diet quality or the frequency of healthy food consumption, problem eating behaviors confer an additional risk of higher BMI. Because the problem eating behaviors questionnaire used in this study (The Personal Diabetes Questionnaire-4) had only 4 items, it may be possible to incorporate screening for these types of behaviors into routine clinical practice.
One main limitations of this study was that it was cross-sectional, which limited causal inference. This was particularly important in this context because it was unclear whether unhealthy eating patterns precede obesity or vice versa. 20 In addition, all of the data were selfreported and therefore could have been affected by a social desirability bias, the direction of which was uncertain because the outcome (BMI) was likely related to the bias. However, chart review on approximately half of those surveyed showed a high correlation (r ¼ 0.94) between self-reported and objectively measured weight, which somewhat alleviated the concern about social desirability bias. Although the items dealing with diet and exercise were used successfully in other studies, it is a limitation in that the researchers did not revalidate them with this specific population before including them in this survey, although the pattern of associations of those items with BMI in this study provides strong evidence of their construct validity. To minimize participant burden, the measure of physical activity was limited to a single item, which may not have been sufficiently sensitive to detect variation in the behavior. Selection bias may also have been a concern, given the large percentage of individuals recruited online (or electronically). Consequently, the sample studied was from a predominantly older, female population and may not be generalizable to a broader, more racially or ethnically diverse population. This may suggest that this type of analysis be confirmed in additional demographic groups before broad policy or program implications are implemented. However, the geographic variation of the sample mitigated this concern to a degree, and the percentage of patients with obesity in this sample (38%) closely mirrored the recently reported national prevalence. 3 Although the items included in this survey were validated in other populations, and although the strong associations with BMI in this study provided preliminary evidence of construct validity, they were not validated in this specific population, which may have led to a misclassification bias.
IMPLICATIONS FOR RESEARCH AND PRACTICE
This large-sample, cross-sectional analysis described unique coherent eating styles, recognizing the importance of both snacking and problem eating behaviors within the context of healthy or unhealthy food choices. These distinct eating styles were strongly associated with BMI. This study provided the groundwork for future longitudinal studies to investigate these potential causal relationships in the service of obesity prevention. Furthermore, these data were consistent with recommendations from multiple professional organizations 21, 22 and indicated that future attempts to improve healthy eating behaviors through individual dietary counseling and public health initiatives should address not only the consumption of healthy foods but also snacking behaviors and the affective (ie, emotional) component of eating. 2 ; StatCorp, College Station, TX) settings for kernel density were used, including the Epanechnikov kernel and the calculated optimal bandwidth of the kernel. The inset figure shows the adjusted b and 95% confidence interval (CI) from the linear regression evaluating the association between eating cluster and BMI, controlling for age, gender, household income, race/ethnicity, and physical activity. The referent group is the healthy eating cluster.
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